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(54) PASTE TYPE NICKEL ELECTRODE FOR ALKALINE STORAGE BATTERY 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a paste type nickel electrode for an alkaline storage 
battery, in which high conductivity can be maintained for a long time in a charge- discharge 
cycle, by using a composite grain, in which a coating layer made of a cobalt compound with a 
specific valence is formed on the surface of a nickel hydroxide grain possessing a specific 
physical properly, as an active material. 

SOLUTION: In a composite grain constituting the powder used as an active material, a coating 
layer made of a cobalt compound, whose mean valence is more than 2 and not more than 3, is 
formed on the surface of a nickel hydroxide grain with a half value width of 0.35-0.7 degree for 
an X-ray diffraction peak on a grating face 101. For the cobalt compound whose mean valence 
is more than 2 and not more than 3, a mixture of cobalt hydroxide and cobalt oxyhydroxide or 
cobalt oxyhydroxide is available. A ratio of cobalt to the composite grain is 1-10% by weight 
desirably. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The paste type nickel pole for alkaline batteries which uses as an active material the 
powder which consists of a complex particle by which the average valence of cobalt comes to form 
from 2 the enveloping layer which consists of size and three or less cobalt compound in the front 
face of a nickel hydroxide particle whose half peak width of the X diffraction peak of a lattice plane 
(101) side is 0.35 - 0.7 degrees. 

[Claim 2] The paste type nickel pole for alkaline batteries according to claim 1 said whose cobalt 
compound is the mixture or oxy-cobalt hydroxide of cobalt hydroxide and oxy-cobalt hydroxide. 
[Claim 3] The paste type nickel pole for alkaline batteries according to claim 1 whose average 
valences of the cobalt of said cobalt compound are 2.5-2.93 especially. 

[Claim 4] The paste type nickel pole for alkaline batteries according to claim 1 whose weight ratio to 
said complex particle of the cobalt in said enveloping layer is 1 - 10%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the active material aiming at offering 
in detail the paste type nickel pole which can hold high conductivity over the long period of time of a 
charge-and-discharge cycle with respect to the paste type nickel pole for alkaline batteries 
[0002] 

[Description of the Prior Art] Conventionally, the sintering type nickel pole which makes an active 
material (nickel hydroxide) come to sink into the sintered carrier which the pierced steel plank etc. 
was made to sinter nickel powder, and obtained it as a nickel pole for alkaline batteries is known 
well. 

[0003] In order to enlarge pack density of an active material on a sintering type nickel pole, it is 
necessary to use a sintered carrier with large porosity. However, if association between the nickel 
particles by sintering is weak and the porosity of a sintered carrier is enlarged, nickel powder will 
dedrop come to be easy of association from a sintered carrier. Therefore, practically, the porosity of 
a sintered carrier cannot be made larger than 80%, but. so, there is a problem that the pack density 
of an active material is small in a sintering type nickel pole. Moreover, 10 micrometers or less and 
since the aperture of the sintered compact of nickel powder is small, it also has the problem that 
restoration to the substrate (sintered compact) of an active material must be performed by the 
solution sinking-in method for repeating a complicated sinking-in process several times and 
performing it. 

[0004] Since it is such, the paste type nickel pole is proposed recently. A paste type nickel pole is 
produced by filling up substrates with large porosity (foaming metal etc.) with the kneading object 
(paste) of an active material (nickel hydroxide) and binder solutions (methyl cellulose water solution 
etc.) directly. On the paste type nickel pole, since a substrate with large porosity can be used 
(porosity can use 95% or more of substrate on the paste type nickel pole), while being able to 
enlarge pack density of an active material, restoration to the substrate of an active material can be 
performed onceHike. 

[0005] However, if a substrate with large porosity is used in order to enlarge pack density of an 
active material on a paste type nickel pole, since the current collection capacity of a substrate will 
worsen compared with a sintered carrier, conductivity worsens compared with a sintering type nickel 
pole. This conductive badness causes the decline in an active material utilization factor, and the 
ephemeralization of a charge-and-discharge cycle life. 

[0006] Then, it is proposed that the average valence of cobalt, such as metal cobalt or cobalt 
hydroxide, and 1 cobalt oxide, adds [ the half peak width of the X diffraction peak of a lattice plane 
(101) side ] two or less cobalt compound to the nickel hydroxide powder (active material) of 0.8 
degrees or more in order to improve the conductivity of this paste type nickel pole (JP,4-328257.A). 
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[0007] However, on this paste type nickel pole, since it was spread inside the particle and the 
conductivity of a plate fell while the cobalt which existed in the front face of a nickel hydroxide 
particle at the beginning piled up the charge-and-discharge cycle, it turned out that the sufficiently 
long alkaline battery of a charge-and-discharge cycle life is not obtained. 

[0008] The place which this invention is made so that it may solve the above-mentioned problem 
which the conventional paste type nickel pole has, and is made into the purpose is to offer the 
paste type nickel pole for alkaline batteries which can maintain high conductivity over the long 
period of time of a charge-and-discharge cycle. 
[0009] 

[Means for Solving the Problem] The paste type nickel pole for alkaline batteries concerning this 
invention for attaining the above-mentioned purpose (this invention electrode) uses as an active 
material the powder which consists of a complex particle by which the average valence of cobalt 
comes to form the enveloping layer which consists of size and three or less cobalt compound from 2 
in the front face of a nickel hydroxide particle whose half peak width of the X diffraction peak of a 
lattice plane (101) side is 0.35 - 0.7 degrees. 

[0010] In this invention electrode, the nickel hydroxide particle whose half peak width of the X 
diffraction peak of a lattice plane (101) side is 0.35 - 0.7 degrees is used as a nickel hydroxide 
particle. While an active material utilization factor falls since the diffusion rate of the proton at the 
time of charge and discharge becomes small (when the crystallinity of a nickel hydroxide particle is 
too high) when the half peak width of the X diffraction peak of the lattice plane (101) side of a nickel 
hydroxide particle is less than 0.35 degrees, a charge-and-discharge cycle life becomes short. On 
the other hand, while the conductivity of the front face of a nickel hydroxide particle falls and an 
active material utilization factor falls as a result since diffusion inside [ of the cobalt which covers 
the front face of a nickel hydroxide particle ] a particle becomes easy to take place when this half 
peak width exceeds 0.7 degrees (when the crystallinity of a nickel hydroxide particle is too low), a 
charge-and-discharge cycle life becomes short. 

[001 1] In this invention electrode, size and three or less cobalt compound are used for the average 
valence of cobalt from 2 as a cobalt compound which covers a nickel hydroxide particle. When the 
average valence of cobalt is 2, the conductivity of a plate cannot fully be raised (when it is cobalt 
hydroxide). In addition, the average valence of cobalt is regulated by three or less because a cobalt 
compound with the larger average valence of cobalt than 3 does not exist. When raising an active 
material utilization factor, it is desirable that the average valence of cobalt covers with the cobalt 
compound of 2.5-2.93. 

[0012] The nickel hydroxide particle whose half peak width of the X diffraction peak of a lattice 
plane (101) side is 0.35 - 0.7 degrees adds for example, a nickel-sulfate water solution and aqueous 
ammonia to the water in a reaction container, and is obtained as precipitate by carrying out 
predetermined time stirring mixing of the pH of liquid, after adding and adjusting an alkali water 
solution. A crystalline low nickel hydroxide particle is obtained greatly [ the half peak width of the X 
diffraction peak of a lattice plane (101) side ], so that pH of the liquid of reaction time is held highly. 
In addition, the solid-solution particle to which cobalt, zinc, cadmium, calcium, manganese, 
magnesium, etc. dissolved to the nickel hydroxide whose half peak width of the X diffraction peak of 
a lattice plane (101) side is 0.35 - 0.7 degrees is also contained in the nickel hydroxide particle in 
this invention. 

[0013] After formation of an enveloping layer on a nickel hydroxide particle front face mixes for 
example, nickel hydroxide powder and cobalt hydroxide powder and adds an alkali water solution to 
this, it is performed by the approach of carrying out predetermined time heat-treatment at 
predetermined temperature. It may replace with cobalt hydroxide powder and 1 cobalt-oxide powder 
or metal cobalt powder may be used. The average valence of the cobalt of a cobalt compound can 
be adjusted to size and three or less range from 2 by adjusting the concentration, the heating 
processing time, or heat-treatment temperature of an alkali water solution. An enveloping layer with 
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the large average valence of cobalt is formed, so that the heating processing time is so long that 
heat-treatment temperature is so high that the concentration of an alkali water solution is high. An 
enveloping layer besides the above-mentioned approach can feed nickel hydroxide powder into a 
cobalt salt water solution, can add alkali, and can form it in the front face of a nickel hydroxide 
particle also by the approach of depositing cobalt hydroxide. 

[0014] As size and three or less cobalt compound, the various mixture and the oxy-cobalt hydroxide 
of a rate of cobalt hydroxide (the valence of cobalt 2) and oxy-cobalt hydroxide (the valence of 
cobalt: 3) are mentioned for the average valence of cobalt from 2. 

[0015] 1 - 10% of the weight ratio to the complex particle of the cobalt in an enveloping layer is 
desirable. It is because the amount of the nickel hydroxide related to cell capacity decreases 
directly when cell capacity decreases and this weight ratio exceeds 10% on the other hand, while an 
active material utilization factor becomes low since conductivity is not enough when this weight 
ratio is less than 1%, so cell capacity decreases. 

[0016] Since this invention electrode uses as an active material the complex particle which it comes 
to cover with the cobalt compound (for the average valence of cobalt to be size and three or less 
cobalt compound from 2) which has the conductivity which was excellent in the front face of the 
nickel hydroxide particle (nickel hydroxide particle whose half peak width of the X diffraction peak of 
a lattice plane (101) side is 0.35 - 0.7 degrees) which has moderate crystallinity, the conductivity 
which was excellent in the early stages of a charge-and-discharge cycle is maintained over a long 
period of time. 
[001 7] 

[Embodiment of the Invention] This invention is widely applicable to the paste type nickel pole used 
as a positive electrode of alkaline batteries, such as a nickel cadmium battery and a nickel-hydrogen 
battery. 
[0018] 

[Example] It is possible to change this invention suitably in the range which is not limited to the 
following example at all and does not change the summary, and to carry out hereafter, although this 
invention is further explained to a detail based on an example. 
[0019] (Examples 1-4) 

[Production of nickel hydroxide powder] After the sodium-hydroxide water solution adjusted pH of 
liquid to 10.5, 11.0, 11.25, or 11.5 20% of the weight, adding and stirring in the water which held 0.11. 
of aqueous ammonia to 35-degreeC in a tank 5% of the weight with II. of nickel-sulfate water 
solutions 30% of the weight, stirring was continued for 1 hour. The monitor of pH at this time was 
performed in the glass electrode pH meter with automatic temperature compensation. Subsequently, 
generated precipitate was carried out the ** exception, was rinsed, carried out the vacuum drying, 
and four sorts of nickel hydroxide powder was obtained. Subsequently, when asked for the half peak 
width of the X diffraction peak of the lattice plane (101) side of each nickel hydroxide powder from 
the X diffraction Fig. by the X diffraction of the following conditions, they were 0.35 degrees 
(pHIO.5), 0.5 degrees (pHII.O), 0.6 degrees (pH11.25X and 0.7 degrees (pH11.5) in order. 
[0020] <Conditions of an X diffraction> Anticathode Cu filter nickel tube voltage 40kV scan speed It 
is the tube electric current by 2.00-degree/. 100mA divergent slit 1 degree [0021] [Production of 
complex particle powder] The sodium-hydroxide water-solution 50 weight section was added 40% of 
the weight, after carrying out heating maintenance for 48 minutes, the vacuum drying of this was 
rinsed and carried out to 80-degreeC, the enveloping layer which consists of a cobalt compound on 
the particle front face of each nickel hydroxide powder was formed in the mixed powder of each 
above-mentioned nickel hydroxide powder 92 weight section and the cobalt hydroxide powder 8 
weight section, and complex particle powder was produced to it. 

[0022] Subsequently, all were 2.93 when asked by the approach of showing the average valence of 
the cobalt of the enveloping layer (cobalt compound) of each above-mentioned complex particle 
powder below. 
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[0023] <How to ask for the ayerage valence of cobalt> Constant-rate **** of the sample is carried 
out, it melts to concentrated hydrochloric acid and the quantum of the amount of cobalt in a 
solution is carried out with an atomic absorption method. The amount of cobalt by which a quantum 
is carried out at this time is the total amount A of cobalt (total amount of divalent cobalt and 
trivalent cobalt) contained in an enveloping layer, next, the same as the point in the separately same 
sample — it and melts to concentrated nitric acid, and a solution is filtered. Since trivalent 

cobalt does not melt into a nitric acid, the filtrate which contains only divalent cobalt by filtration is 
obtained. The quantum of the amount of cobalt in this filtrate is carried out with an atomic 
absorption method. The amount of cobalt by which a quantum is carried out at this time is the 
amount B of the divalent cobalt contained in an enveloping layer. The average valence of the cobalt 
of each sample is computed from a bottom type. 

[0024] The average valence of cobalt = 3-B/A [0025] [Production of a paste type nickel pole] Each 
above-mentioned complex particle powder 100 weight section and the 1-% of the weight methyl 
cellulose watei^solution 20 weight section were kneaded, the paste was prepared, the porous body 
(substrate) which consists of foaming metal (95% of porosity. 200 micrometers of average apertures) 
which carried out nickel plating of this paste was filled up. it dried, and it fabricated and the paste 
type nickel pole was produced. 

[0026] [Production of an alkaline battery] Compared with each above-mentioned paste type nickel 
pole (positive electrode) and a positive electrode, electrochemical capacity produced the alkaline 
battery (cell capacity: about 700 mAh(s)) A1 of AA size - A4 using a well-known large paste type 
cadmium pole (negative electrode), the polyamide nonwoven fabric (separator), the 30-% of the 
weight potassium-hydroxide water solution (alkali electrolytic solution), the metal cell can, the metal 
cell lid. etc. 

[0027] (Example 1 of a comparison) When producing nickel hydroxide powder, complex particle 
powder was produced like examples 1-4 except having held pH of liquid to 10. The half peak width of 
the lattice plane (101) side of nickel hydroxide powder was 0.30. Subsequently, the alkaline battery 
81 of AA size was produced like examples 1-4 except having used this complex particle powder as 
positive active material. 

[0028] (Example 2 of a comparison) When producing nickel hydroxide powder, complex particle 
powder was produced like examples 1-4 except having held pH of liquid to 12. The half peak width of 
the lattice plane (101) side of nickel hydroxide powder was 0.80. Subsequently, alkaline battery B-2 
of AA size was produced like examples 1-4 except having used this complex particle powder as 
positive active material. 

[0029] (Examples 3-9 of a comparison) the half peak width of the X diffraction peak of the lattice 
plane (101) side produced like examples 1-4 — 0.35, 0.5. 0.6, and 0. — 7 and 0.8 (pH12 at the time 
of production) — Each 0.9 (pH12.5 at the time of production), or 1.0 (pH13 at the time of 
production) nickel hydroxide powder 93.6 weight sections. Knead the 1 cobalt-oxide powder 6.4 
weight section and the 1-% of the weight methyl cellulose water-solution 20 weight section, and a 
paste is prepared. The porous body (substrate) which consists of foaming metal (95% of porosity. 
200 micrometers of average apertures) which carried out nickel plating was filled up with this paste, 
it dried, and it fabricated and the paste type nickel pole was produced. The alkaline batteries B3-B9 
of AA size were produced like examples 1-4 except having used each of these paste type nickel 
poles as a positive electrode. In addition, cells B7-B9 are the conventional cells of the indication to 
JP,4-328257,A. 

[0030] <The active material utilization factor of the paste type nickel pole used for each cell and 
charge-and-discharge cycle life of each cell> about each cell produced in examples 1-4 and the 
examples 1-9 of a comparison After charging 160% by 0.1 C in 25-degreeC. the charge-and- 
discharge cycle trial which makes 1 cycle the process which discharges to 1.0V by 1C in 25- 
degreeC was performed, and the active material utilization factor of 10 cycle eye of the paste type 
nickel pole used for each cell and the charge-and-discharge cycle life of each cell were searched 
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for. The active material utilization factor was computed based on the bottom type. 
[0031] Discharge capacity (mAh)/of an active material utilization factor (%) ={10 cycle eye ((amount 
g) of nickel hydroxide x288(mAh/g)}x100[0032]) Moreover, the number of charge-and-discharge 
cycles (time) until discharge capacity turns into 80% of the discharge capacity of 10 cycle eye 
estimated the charge-and-discharge cycle life. The active material utilization factor of 10 cycle eye 
of the paste type nickel pole used for each cell and the charge-and-discharge cycle life of each cell 
are shown in Table 1. The characteristic when setting to 100 the active material utilization factor of 
10 cycle eye of the paste type nickel pole used for the cell A2 has shown the active material 
utilization factor. Moreover, the average valence of weight (%) and the ratio to the complex particle 
of the cobalt in an enveloping layer, and the cobalt of a cobalt compound and the half peak width 
(degree) of a nickel hydroxide particle are also shown in Table 1. 
[0033] 
[Table 1] 



. .A 1 
MA 2 
MAd 
W}kA4 
WkB 1 

mkB 2 
mMB 

B 
B 

B 

mmB 8 
mmB 9 



5 
5 
5 
5 
5 
5 



2. 9 3 
2. 9 3 



2. 
2. 
2. 
2. 



2 
2 
2 
2 
2 
2 
2 



9 3 
9 3 
9 3 
9 3 





1 O^^^JV 


(ill <©) 


0. 3 5 


9 9 


2 4 0 


0. 5 


1 0 0 


2 5 0 


0. 6 


10 0 


2 5 0 


0. 7 


9 9 


2 3 0 


0. 3 0 


9 8 


9 0 


0. 8 0 


9 8 


1 0 0 


0. 3 5 


8 8 


18 0 


0. 5 


8 9 


1 9 0 


0. 6 


8 9 


ZOO 


0. 7 


8 8 


1 9 0 


0. 8 


9 4 


2 1 0 


0, 9 


9 5 


2 1 0 


1. 0 


9 5 


2 1 0 



[0034] As shown in Table 1. a cell Al - A4 have the high active material utilization factor of a paste 
type nickel pole, and although the active material utilization factor of a paste type nickel pole is high, 
a charge-and-discharge cycle life is short [ the cell Bl by which the half peak width of the X 
diffraction peak of the lattice plane (101) side of a nickel hydroxide particle separates from the 
regulation range of this invention to a thing with a long charge-and-discharge cycle life and B-2 / a 
utilization factor ]. In order to obtain an alkaline battery with a long charge-and-discharge cycle life 
from this fact highly [ the active material utilization factor of a positive electrode ], it turns out that 
it is necessary to use that whose half peak width of the X diffraction peak of a lattice plane (101) 
side is 0.35 - 0.7 degrees as a nickel hydroxide particle. In addition, compared with the cell 83 this 
half peak width of whose the half peak width of a nickel hydroxide particle is 0.35 - 0.7 degrees - 
86, the active material utilization factor of a paste type nickel pole is high, although the cells 87-89 
of 0.8 degrees or more have a long charge-and-discharge cycle life, compared with a cell Al - A4, 
its active material utilization factor of a paste type nickel pole is low. and a charge-and-discharge 
cycle life is short [ the cells ]. 

[0035] [The average valence of the cobalt of a cobalt compound and relation of an active material 
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utilization factor] The half peak width of the X diffraction peak of the lattice plane (101) side 
produced like the example 2 on the front face of the nickel hydroxide particle of 0.5 It is made to be 
the same as that of an example 2 except having changed the heating processing time at the time of 
forming an enveloping layer in 2 - 55 minutes. The enveloping layer to which the average valence of 
cobalt becomes order from the cobalt compound of 2.0, 2.1, 2.2, 2.3, 2.4, 2.45, 2.5, 2.6, 2.7. 2.8, 2.9, 
2.93, and 3.0 is formed. 13 sorts of complex particle powder was produced (each weight ratio to the 
complex particle of the cobalt contained in each enveloping layer is 5%). Subsequently, each complex 
particle powder was used as an active material of a paste type nickel pole, and the alkaline battery 
of AA size was produced. 

[0036] About each above-mentioned cell, the charge-and-discharge cycle trial of the same 
conditions as the point was performed, and the active material utilization factor of 10 cycle eye of 
the paste type nickel pole used for each cell was searched for. A result is shown in drawing 1 . 
Drawing 1 is the graph which the active material utilization factor was taken along the axis of 
ordinate, it took the average valence of cobalt along the axis of abscissa, respectively, and showed 
the average valence of the cobalt of a cobalt compound, and the relation of an active material 
utilization factor. The characteristic when the average valence of cobalt sets the active material 
utilization factor of 10 cycle eye of the paste type nickel pole of 2.7 to 100 has shown the active 
material utilization factor of an axis of ordinate. 

[0037] As shown in drawing 1 , compared with the cell of 2, the active material utilization factor of a 
paste type nickel pole has [ the cell with the larger average valence of cobalt than 2 ] the markedly 
high average valence of cobalt. In order to obtain the paste type nickel pole where an active 
material utilization factor is high from this fact, it turns out that it is necessary to use the complex 
particle which covered and obtained the nickel hydroxide particle with the cobalt compound with the 
larger average valence of cobalt than 2. Moreover, it turns out that it is desirable to use the 
complex particle powder from which the average valence of cobalt covered and obtained the nickel 
hydroxide particle with the cobalt compound of 2.5-2.93 from drawing 1 . 

[0038] [Relation between the weight ratio to the complex particle of the cobalt in an enveloping 
layer, an active material utilization factor, and cell capacity] It is made to be the same as that of an 
example 2. It is made to be the same as that of an example 2 except having changed the amount of 
the cobalt hydroxide used at the time of the half peak width of the X diffraction peak of the 
produced lattice plane (101) side forming an enveloping layer in the front face of the nickel 
hydroxide particle of 0.5. The enveloping layer of the various thickness which the average valence of 
cobalt becomes from the cobalt compound of 2.93 was formed, and the weight ratio to said complex 
particle of the cobalt in an enveloping layer produced six sorts of different complex particle powder 
from 0.5%, 1%, 5%, 7.5%, 10%, and 1 1%. Subsequently, each complex particle powder was used as an 
active material, and the alkaline battery of a paste type nickel pole and AA size was produced. 
[0039] About each above-mentioned cell, the charge-and-discharge cycle trial of the same 
conditions as the point was performed, and the active material utilization factor of 10 cycle eye of 
the paste type nickel pole used for each cell and the cell capacity of 10 cycle eye of each cell were 
calculated. A result is shown in drawing 2 and drawing 3 , respectively. Drawing 2 is the graph which 
took the active material utilization factor along the axis of ordinate, took the weight ratio (%) along 
the axis of abscissa, respectively, and showed the relation between the weight ratio to the complex 
particle of the cobalt in an enveloping layer, and an active material utilization factor, and drawing 3 is 
the graph which the active material utilization factor (%) was taken along the axis of ordinate, it took 
cell capacity along the axis of abscissa, respectively, and showed the relation between the above- 
mentioned weight ratio and cell capacity. In addition, the characteristic when setting to 100 the 
active material utilization factor and cell capacity of 10 cycle eye of a cell whose weight ratio to the 
complex particle of cobalt is 5%, respectively has shown the active material utilization factor of the 
axis of ordinate of drawing 2 , and the cell capacity of the axis of ordinate of drawing 3 . 
[0040] Drawing 2 shows that what has a high active material utilization factor is obtained, when the 
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weight ratio to the complex particle of the cobalt in an enveloping layer is 1% or more. Moreover, 
drawing 3 shows that what has a big cell capacity is obtained, when the weight ratio to the complex 
particle of the cobalt in an enveloping layer is 1 - 10%. It turns out that it is desirable to form an 
enveloping layer so that the weight ratio to the complex particle of the cobalt in an enveloping layer 
may become the range which is 1 - 10% from these results. 
[0041] 

[Effect of the Invention] It becomes possible [ this invention electrode ], since the conductivity 
which was excellent in the early stages of a charge-and-discharge cycle is maintained over a long 
period of time to obtain an alkaline battery with a long charge-and-discharge cycle life with the high 
active material utilization factor of a positive electrode by using this as a positive electrode. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the average valence of the cobalt of a cobalt compound, 
and the relation of an active material utilization factor. 

[Drawing 2] It is the graph which shows the relation between the weight ratio to the complex 
particle of the cobalt in an enveloping layer, and an active material utilization factor. 
[Drawing 3] It is the graph which shows the relation between the weight ratio to the complex 
particle of the cobalt in an enveloping layer and cell capacity. 



[Translation done.] 
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